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Title: Method for applying a thin film barrier stack to a device with 

microstructures, and device provided with such a thin film barrier 
stack 

This invention relates to a method for applying a thin film barrier 
stack to a device with microstructures, such as, for instance, an OLED, 
wherein the thin film barrier stack forms a barrier to at least moisture and 
oxygen, and wherein the stack is built up from a combination of organic and 
5 inorganic layers. 

Such a method is known, for instance, from US 6,413,645 or 
DE 196 03 746 Al. 

Devices to which the thin film barrier stacks are applied, can be, 
for instance, OLED's, which are described, for instance, in US 6,582,888 

10 Bl.In the known method for applying a thin film barrier stack, on the 

microdevice, first a relatively thick levelling layer is applied over the device 
in order to facilitate the application of consecutive layers forming the actual 
barrier against oxygen and moisture. Specifically in devices where the 
microstructures include undercut regions, as is the case, for instance, with 

15 mushroom structures on OLED's, this smoothing layer should have a 
considerable thickness. The disadvantage of first having to apply a thick 
levelling layer over the device is that moisture and oxygen may still 
penetrate to the device from the side and that air inclusions may arise 
between the active layers of the device and the relatively thick levelling 

20 layer. Moreover, such thick polymeric levelling layers easily give rise to 
delamination, which results in loss of the device. In devices which are 
provided with microstructures having sharp angles, steep or even negative 
inclinations and undercut regions, such as, for instance, OLED's provided 
with mushroom structures, it is a problem to apply a sealing inorganic layer 

25 of a sufficient layer thickness over the entire surface, that is, also in the 
undercut regions. 
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The object of the invention is to provide a method for 
manufacturing an encapsulation layer for a device which is provided with 
microstructures, wherein the encapsulation layer comprises a thin film 
barrier stack which is built up from a combination of organic and inorganic 
5 layers and wherein the above-described disadvantages of the known 
encapsulation layers are solved. 

To that end, the invention provides a method of the type described 
in the opening paragraph hereof, which is characterized in that a first 
organic intermediate layer is applied, wherein the organic intermediate 
10 layer is applied in liquid form, wherein the viscosity of the organic 

intermediate layer liquid is so low that grooves, hollows and like narrow 
cavities are at least partly filled up with the organic liquid under the 
influence of capillary forces while other parts of the device are only covered 
with a thin layer of the organic liquid, such that a layer of variable 
15 thickness is formed. 

According to the invention, a thin organic layer is applied in liquid 
form and the cavities fill up at least partly with the organic liquid under the 
influence of capillary forces while the other parts of the device are only 
covered with a very thin layer of the organic liquid. Thus, possible continued 
20 growth of pin holes in inorganic layers is prevented. In that way, optionally 
in a number of steps a complete fill-up of the cavities can be achieved 
without the organic layer assuming such a thickness as to tend to 
delamination. Due to the organic layer moreover being very thin compared 
to the known levelling layers, the chance of air inclusions in the layer is 
25 much lower. Preferably, the amount of liquid applied is such that the 

thickness of the thin layer covering the said other parts is smaller than 0.5 
jim, more preferably smaller than 0.1 (im. Preferably, the viscosity of the 
organic intermediate layer liquid is lower than 100 cP, more preferably 
lower than 20 cP and even more preferably lower than 10 cP. 



WO 2005/0 1 5655 PCT/NL2004/000563 

3 

According to a further elaboration of the invention, first a first 
sealing inorganic layer is applied before the first organic layer is applied. 

Thus, the functional layers of the device are already protected from 
moisture and oxygen by the first sealing inorganic layer, so that if there 
5 might be any air inclusion present in the first organic layer after all, this 
would be much less harmful to the functional layers of the device. Since 
upon application of the organic layer the undercut regions, the grooves, 
hollows or like cavities have been partly filled up, the device will already 
have a more level surface, so that an inorganic layer to be subsequently 
10 applied will obtain a more stable structure and hence will form a better 
sealing. When subsequently, in the same manner as described above, once 
more an organic layer in liquid form of low viscosity is applied, a still 
further smoothing of the microstructures is obtained and an inorganic layer 
to be subsequently applied will have even more stable and better sealing 
15 properties. 

The organic liquid can be applied, for instance, by means of spin 
coating, spraying, dipping, condensation, inkjet printing or wedge coating. 
In addition, the organic liquid may be strongly diluted in a solvent in order 
to obtain a low viscosity. To be considered here is a viscosity comparable to 

20 that of water, so that the capillary forces will in fact lead to local layer 
thickness differences in the organic layer. 

After applying the layer, the solvent should at least partly be 
removed from the organic layer, after which the organic layer is polymerized 
or otherwise hardened. The polymerization or hardening can take place in a 

25 known manner by means of UV irradiation, electron or ion irradiation, 
thermally, chemically, or in a like manner. 

The first sealing layer can be a ceramic conformal layer. It is also 
possible, however, to apply a non-conformal layer. The inorganic layers, 
among which the first inorganic sealing layer, may be manufactured from 

30 transparent and non- transparent ceramic materials, such as metal nitrides, 
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metal oxides, metal oxynitrides, metal carbides, metal oxyborides or 
combinations thereof. Metals to be considered by way of example are 
aluminum, silicon, boron, zirconium, titanium, hafnium, tantalum, niobium 
and tungsten. 

5 The first encapsulation layer can be applied, for instance, by 

vacuum deposition, such as, for instance, PVD, PECVD or the like. The 
organic intermediate layers applied in liquid form can contain polymer, such 
as, for instance, acrylate, epoxy, fluoropolymer, ppx, organosilicons and the 
like. Other polymers may also be applied. Other examples are mentioned in 

10 the American patent US 6,413,645 Bl, mentioned earlier. 

After applying a number of combinations of an inorganic and an 
organic layer, it is preferred, according to a further elaboration of the 
invention, that further a last inorganic layer is applied for screening the 
uppermost organic layer from the external world. It is also possible, 

15 however, that an organic layer forms the last layer of the thin film barrier 
stack. 

The invention further relates to a device provided with 
microstructures provided with a thin film barrier stack manufactured by a 
method according to the invention. According to a further elaboration of the 
20 invention, the device can be an organic light emitting diode (OLED), the 
OLED being provided with a microstructure comprising mushroom 
structures. 

The invention will presently be further clarified on the basis of an 
exemplary embodiment with reference to two photographs. 
25 Fig. 1 shows a cross section of a portion of an OLED; and 

Fig. 2 shows a detail of the photograph shown in Fig. 1. 
Fig. 1 shows a portion of an OLED device, where a mushroom 
structure 1 is arranged on a substrate S. The mushroom structure 1 
provides undercut regions which make it possible, using a vertical 
30 deposition technique, to provide conductive paths on the substrate S which 
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are interrupted in the undercut regions of the mushroom structure. Under 
these conductive paths, functional layers 2 have been provided, which, in 
the present case, have light emitting properties. These functional layers 2 
are highly sensitive to moisture and oxygen and must therefore be screened 
5 from the environment. That is the purpose served by the thin film barrier 
stack which, in the present exemplary embodiment, is built up from three 
inorganic layers 3, 5, 7 and two organic layers 4, 6. Specifically in the detail 
of Fig. 2, it is clearly visible that the polymeric, organic layers 4, 6 do not 
have the same thickness throughout, but are considerably thicker in the 

10 undercut region under the mushroom structure 1. This is the result of the 
fact that the organic layer has been applied in liquid form, while the 
viscosity of the liquid has been chosen to be very low, such that capillary 
forces prevailing in the narrow space under the mushroom structure cause 
liquid to accumulate there. Clearly visible in Fig. 2 is that the undercut 

15 region, after application of two polymeric layers, is filled up completely and 
that no undercut region is present anymore. According as the course of the 
ceramic layers is more gradual - the ceramic layer designated by reference 
numeral 7 having a very gradual course without sharp bends therein - the 
stability of such a layer is greater. As, moreover, the polymeric layers are 

20 very thin, the chance of delamination is particularly low. Only in the regions 
where some thickness is required for filling up hollows, grooves and like 
narrow cavities, this extra thickness is obtained automatically owing to the 
application of the organic layer in liquid form of low viscosity. 

After applying an organic layer, the solvent is evaporated 

25 therefrom, after which the layer is hardened in the manner as described 
above. After hardening of an organic layer, a ceramic layer can be applied 
using the techniques already mentioned hereinabove. 

Before applying the first organic layer in liquid form, the device is 
first protected with a first ceramic layer 3. This prevents the functional 

30 layer 2 being possibly damaged under the influence of the liquid organic 
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layer. Moreover, any air inclusions in the organic layer, which, for that 
matter, will hardly occur because of the very minor thickness of the organic 
layer, are less likely to have an adverse effect on the functional layers 2 
because the latter have already been screened with the first ceramic layer 3. 
5 In order to accomplish a good protection of the last-applied organic layer 6, 
the last-applied layer of the thin film barrier stack is formed by a ceramic 
layer 7 that is moisture and oxygen tight. 

It will be clear that the invention is not limited to the exemplary 
embodiment described. Other devices can also be suitably provided with a 
10 thin film barrier stack. To be considered in this regard are, for instance, 
chips, LCD's, and like devices that are provided with microstructures with 
sharp angles, steep or even negative inclinations and undercut regions. 
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CLAIMS 

1. A method for applying a thin film barrier stack to a device with 
microstructures, such as, for instance, an OLED, wherein the thin film 
barrier stack forms a barrier to at least moisture and oxygen, wherein the 
stack is built up from a combination of organic and inorganic layers, 

5 characterized in that a first organic intermediate layer is applied, wherein 
the organic intermediate layer is applied in liquid form, wherein the 
viscosity of the organic intermediate layer liquid is so low that grooves, 
hollows and like narrow cavities are at least partly filled up with the organic 
liquid under the influence of capillary forces while other parts of the device 
10 are only covered with a thin layer of the organic liquid, such that a layer of 
variable thickness is formed. 

2. A method according to claim 1, wherein first a first sealing 
inorganic layer is applied before the first organic layer is applied. 

3. A method according to claim 1 or 2, wherein the organic liquid is 
15 applied by means of spin coating, spraying, immersion, condensation, inkjet 

printing or wedge coating. 

4. A method according to any one of claims 1-3, wherein the organic 
liquid is strongly diluted in a solvent in order to obtain a low viscosity. 

5. A method according to claim 4, wherein the solvent, after 

20 application of the layer, is at least partly removed from the organic layer 
through evaporation. 

6. A method according to claim 5, wherein after the at least partial 
removal of the solvent from the organic layer, this organic layer is 
polymerized and/or hardened. 

25 7. A method according to claim 6, wherein the polymerization and/or 

hardening is/are carried out by means of UV irradiation, electron or ion 
irradiation, thermally, chemically, or in a like manner. 
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8. A method according to any one of the preceding claims, wherein the 
inorganic layer is a ceramic conformal layer which substantially foDows the 
contours of the microstructures of the device. 

9. A method according to any one of the preceding claims, wherein the 
5 first sealing layer is a ceramic layer, such as, for instance, a layer from 

metal nitrides, metal oxides, metal oxynitrides, metal carbides, metal 
oxyborides or combinations thereof. 

10. A method according to claim 9, wherein the metal is aluminum, 
silicon, boron, zirconium, titanium, hafnium, tantalum, niobium or 

10 tungsten. 

11. A method according to any one of the preceding claims, wherein the 
first sealing layer is applied through vacuum deposition, such as, for 
instance, PVD, PECVD or the like. 

12. A method according to any one of the preceding claims, wherein the 
15 organic intermediate layer which is applied in liquid form contains a 

polymer, such as, for instance, acrylate, epoxy, fluoropolymer, ppx, 
organosilicons and the like. 

13. A method according to any one of the preceding claims, wherein 
after applying a first inorganic layer and an organic layer in the above- 

20 described manner, further at least one next combination of an inorganic and 
an organic layer is applied in a manner as described with reference to the 
first inorganic and the first organic layer. 

14. A method according to claim 13, wherein after applying the last 
combination of an inorganic and organic layer, additionally a last inorganic 

25 layer is applied for sealing the uppermost organic layer from the external 
world. 

15. A method according to any of the preceding claims, wherein the 
viscosity of the organic intermediate layer liquid is lower than 100 cP, more 
preferably lower than 20 cP, even more preferably lower than 10 cP. 
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16. A method according to any of the preceding claims, wherein the 
amount of liquid applied is such that the thickness of the thin layer covering 
the other parts is smaller than 0.5 jim, more preferably smaller than 0.1 ^m. 

17. A device provided with microstructures provided with a thin film 
5 barrier stack manufactured according to a method according to any one of 

the preceding claims. 

18. A device according to claim 17, wherein the device is an organic 
light emitting diode (OLED). 

19. A device according to claim 18, wherein the OLED is provided with 
10 a microstructure comprising mushroom structures. 



INTERNATIONAL SEARCH REPORT 



Intern " il Application No 

PCT/TO-2004/000563 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01L51/20 






According to International Patent Classification (IPC) or to both national classif cation and IPC 




8. FIELDS SEARCHED 


Minimum documentation searched (cta3sjftcaiion system followed by classification symbols) 

IPC 7 H01L H05B 


Documentation searched other than nunmum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search {name of data bas 


is and, where practical, search terms used) 


EPO-Internal 






C. DOCUMENTS CONSIDERED TO Be RELEVANT 


Category • 


Citation ol document, wilh indication, where appropriate, of ihe relevant passages 


Relevant to claim No 


X 

P,X 


W0 03/061346 A (SEIKO EPSON CORP) 
24 July 2003 (2003-07-24) 
abstract 

-& US 2003/164674 Al (SEIKO EPSON CORP) 
4 September 2003 (2003-09-04) 
paragraphs '0136! - '0208! 


1-19 
1-19 


X 


US 2003/085654 Al (HAYASHI K) 

8 May 2003 (2003-05-08) 

paragraphs '0023! - '0025!, '0043! - 

'0050! 


1-19 


X 


US 2001/054867 Al (KUBOTA H) 
27 December 2001 (2001-12-27) 
paragraphs '0021! - '0027! 


/-- 


1-19 


[ X | Further documents are tested in the continuation of box C. 


[y | Patent family members are listed in annex. 


* Special categories of cited documents 

'A* document doflnlng the general state of the art which is not 

considered to be of particular relevance 
'E* earlier document but published on or after the international 

filing date 

•L' document which may throw doubts on pronty claim(s) or 
which is cited to establish the publication date ol another 
citation or other special reason (as specified) 

'0* document referring to an oral disclosure, use. exhibition or 
other means 

'P' document published prior lo the international filing date but 
lator than the pnonty date claimed 


•T* later document published after the international hung date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance, the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the documenl is taken alone 

•V documenl of particular relevance, the claimed invention j 
cannot be considered to involve an inventive step when the 
documenl is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 


Date of the actual completion of the international search 


Date ot mating of the international search report 


17 January 2005 


24/01/2005 




Name and maifcng address of the ISA 

European Patent Office. P B 581 8 Patent laan 2 
NL - 2280 HV Rijswijk 
Tel. {+31 -70) 340-2040. Tx 31 851 eponl, 
Fax. {*3 1-70) 340-3016 


Authonzed officer 

van der Linden, J 


.E. 



Form PCT/ISA/210 (second shoot) (January 2004) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intern? I Application No 

PCT/NL2004/000563 



C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, wilh indication, where appropnalo. of the relevant passages 



Relevant to claim No. 



EP 0 809 420 A (IDEMITSU KOSAN CO) 
26 November 1997 (1997-11-26) 
page 22 - page 23, line 16 

US 6 413 645 Bl (GROSS M ET AL) 
2 July 2002 (2002-07-02) 
cited 1n the application 
column 4, lines 6-44 

US 5 650 692 A (VETANEN W ET AL) 

22 July 1997 (1997-07-22) 

column 2. line 31 - column 3, line 23 

PATENT ABSTRACTS OF JAPAN 

vol. 1995, no. 04, 

31 May 1995 (1995-05-31) 

& JP 07 011247 A (IDEMITSU KOSAN CO LTD), 

13 January 1995 (1995-01-13) 

abstract 



1-19 



1-19 



1,17 



1,17 



EP 1 139 453 A (SEMICONDUCTOR ENERGY LAB) 
4 October 2001 (2001-10-04) 
paragraphs '0066!, '0116! - '0118! 



Form PCT/ISA/210 (continuation ol second sheet) {January 2O04| 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 


Interne Application No 




otlon on patent family m< 


rubers 


PCT/HL2004/000563 


Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 




date 



WO 03061346 A 24-07-2003 W0 03061346 Al 24-07-2003 

TW 580843 B 21-03-2004 

US 2003164674 Al 04-09-2003 



US 2003164674 Al 04-09-2003 WO 03061346 Al 24-07-2003 

TW 580843 B 21-03-2004 



US 2003085654 


Al 


08-05-2003 


JP 


2003142255 A 


4 f- r\r AAA A 

16-05-2003 








CN 


1416006 A 


07-05-2003 








TW 


576128 B 


11-02-2004 


US 2001054867 


Al 


27-12-2001 


JP 


2001284041 A 


12-10-2001 


EP 0809420 


A 


26-11-1997 


JP 


8222369 A 


30-08-1996 








JP 


3187695 B2 


11-07-2001 








JP 


8279394 A 


22-10-1996 








DE 


69623443 Dl 


10-10-2002 








DE 


69623443 T2 


23-01-2003 








EP 


0809420 Al 


26-11-1997 








US 


5909081 A 


01-06-1999 








WO 


9625020 Al 


15-08-1996 


US 6413645 


Bl 


02-07-2002 


AU 


4189301 A 


07-11-2001 








TW 


575671 B 


11-02-2004 








WO 


0181649 Al 


01-11-2001 


US 5650692 


A 


22-07-1997 


NONE 






OP 07011247 


A 


13-01-1995 


JP 


8021469 B 


04-03-1996 


EP 1139453 


A 


04-10-2001 


CN 


1320971 A 


07-11-2001 








EP 


1139453 A2 


04-10-2001 








OP 


2001345174 A 


14-12-2001 








US 


2003206332 Al 


06-11-2003 



Form PCT/tSA/210 (patenl tamir/ annex) {January 2004) 



